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(54) MOSFET POWER AMPLIFIER 

(57)Abstract: 

PURPOSE: To reduce the invalid current of a power 
output stage, to reduce cross-over distortion and to 
efficiently drive a MOSFET power amplifier by providing 
offset stages before and behind a power output stage 
and providing amplifier stages amplifying input signals 
before and behind the offset stages. 
CONSTITUTION: The positive side offset (level shift) 
stage 6 for PMOSFET Q1 and the negative side offset 
(level shift) stage 7 for NMOSFET Q2 are provided for 
the gate voltage bias of PMOSFET Q1 and NMOSFET 
Q2 in the power output stage 5. A positive side 
differential amplifier stage 8 is provided in the prestage 
of the positive side offset stage 6 and a negative side 
differential amplifier stage 9 in the prestage of the 
negative side offset stage 7. Voltage inputted to an input 
terminal 1 is impressed on the inverted input means of 
the differential amplifying stages 8 and 9. In such a case, 
the non- inverted input-sides of the differential 
amplifying stages 8 and 9 are connected to an output 
terminal 2, and they function as a voltage follower. 




LEGAL STATUS 

[Date of request for examination] 1 2.06.1 997 

[Date of sending the examiners decision of 12.06.2001 
rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 



[Number of appeal against examiners decision 
of rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2000 Japan Patent Office 



JP,07-142940,A 
* NOTICES * 

5 Japan Patent Office is not responsible for any damages caused by the use 
of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
10 3. In the drawings, any words are not translated. 



CLAIMS 

15 

[Claim(s)] 

[Claim 1] MOSFET power amplifier characterized by establishing the offset 
stage in the preceding paragraph of the above-mentioned power-output 
stage, preparing the amplification stage which amplifies an input signal in 

20 the preceding paragraph of this offset stage in the push pull type MOSFET 
power amplifier which the power-output stage becomes from CMOS 
composition, and setting up the gate bias voltage of MOSFET of the 
above-mentioned power-output stage in the above-mentioned offset stage. 
[Claim 2] While separating and establishing the above-mentioned offset 

25 stage in the positive side offset stage for the PMOSFET sides of the 

above-mentioned power-output stage, and the negative side offset stage 
for the NMOSFET sides MOSFET power amplifier according to claim 1 
characterized by having prepared the above-mentioned amplification stage 
as a difference input stage common to the above-mentioned positive side 



1 



offset stage and the above-mentioned negative side offset stage, or 
dissociating and preparing in the negative side difference input stage the 
positive side difference input stage for the above-mentioned positive side 
offset stages, and for the above-mentioned negative side offset stages. 
5 [Claim 3] MOSFET power amplifier characterized by preparing the resister 
network which sets the gate bias voltage of MOSFET of the 
above-mentioned power-output stage as a feedback circuit in the push 
pull type MOSFET power amplifier which the power-output stage becomes 
from CMOS composition from the above-mentioned power-output stage to 
10 the amplification stage which amplifies an input signal. 



DETAILED DESCRIPTION 



15 [Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the MOSFET power 
amplifier which amplifies a sound signal in portable electrical machinery 
and apparatus, such as a pocket sound product, a pocket personal 
20 computer, a pocket multimedia device, and a mobile phone machine. 
[0002] 

[Description of the Prior Art] Although power amplification of the sound 
signal of a portable electrical machinery and apparatus was realized by the 
bipolar transistor circuit by the former, with low-battery-izing of the 
25 supply voltage to be used, the saturation voltage (Vce) between collector 
emitters which the bipolar transistor essentially has drops the use 
efficiency of output voltage, and the problem that output power becomes 
inadequate as a result, or a power efficiency declines is becoming large. 
[0003] Then, although adding a booster circuit, carrying out the pressure 
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up of the supply voltage, and operating the power amplification section had 
been performed, the improvement of the field of a power efficiency did not 
progress. 

[0004] On the other hand, the attempt which constitutes power amplifier 
5 using an FET element accomplished. However, in a high— f i field, although 
the demand of quality is applied to the field which is not severe, except 
when it can be made to operate on voltage high enough, it is not put in 
practical use. 

[0005] This is because the bird clapper is unescapable to the result which 
10 consumes reactive power (based on penetration current) more than it if 
FET is inferior to a bipolar transistor in the capacity to drive current and 
it is going to drive power just like a pie Poral transistor. 
[0006] By the way, the method of controlling a bias current in recent 
years according to an output swing is put in practical use, and the 
15 MOSFET power amplifier to which only the time of a large amplitude made 
current drive capacity increase, and has improved the power efficiency as 
shown in drawing 4 is proposed (IEEE J. SOLID STATE CIRCUITS, 
Vol.SC-17, no. 6, pp 929-982, and Dec. 1982). The circuit of this drawing 5 
is called semi- source follower power amplifier, and, for one, as for an 
20 output terminal and 3, an input terminal and 2 are [ the positive side 
amplification stage and 4 ] negative side amplification stages among 
drawing. Moreover, 5 is the power-output stage of CMOS push pull 
composition, and consists of PMOSFETQ1 for an output, and NMOSFETQ2 
for an output. 

25 [0007] Moreover, in such semi- source follower power amplifier, as shown 
in drawing 5 for the formation of power consumption reduction at the time 
of an input non-signal, the method of giving input offset to the 
amplification stages 3 and 4 is also proposed. V1 and V2 are input offset 
voltage (IEEEJ. SOLID STATE CIRCUITS, Vol.SC-20, no. 6, pp 1200-1205, 
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and Dec. 1982). 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, in semi- source 
follower power amplifier which was described above, at the time of a 
5 non-signal, an input must be stably controlled so that the reactive current 
(penetration current) of the gate of MOSFETQ1 and Q2 of the 
power-output stage 5 decreases and a cross over distortion also 
decreases. 

[0009] That is, if there is offset and the output voltage shifts from 
10 predetermined voltage into the amplification stage 3 and 4, the excessive 
reactive current flows to MOSFETQ1 and Q2 of the power-output stage 5, 
or a reverse bias will be carried out deeply conversely and problems, like a 
cross over distortion becomes large will arise. 

[0010] Moreover, in the semi- source follower power amplifier shown in 
15 drawing 5 which gave offset to the input side, since the offset voltage is 
amplified in the amplification stages 3 and 4, although symmetric property 
(identity) is required of the amplification stages 3 and 4, this is difficult, 
and in the power-output stage 5 which consists of MOSFETQ1 and Q2, the 
above-mentioned reverse bias tends to become more remarkable [ the 
20 distortion of a crossover ] that it will be easy to become bigger. 

[0011] Then, although it will be necessary to set offset voltage as a very 
very small value if it is going to reduce the amount of reverse biases on 
the contrary, it comes to be greatly influenced of the variation at the time 
of manufacture. 

25 [0012] The purpose of this invention is offering the MOSFET power 

amplifier performs the stable offset, solves the above-mentioned problem, 
and realizes the few reactive current of the power-output stage, and a low 
cross over distortion, and it enabled it to drive efficiently. 
[0013] 
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[Means for Solving the Problem] In the push pull type MOSFET power 
amplifier which the power-output stage becomes from CMOS composition, 
the purpose of this invention establishes the offset stage in the preceding 
paragraph of the above-mentioned power-output stage, prepares the 
5 amplification stage which amplifies an input signal in the preceding 
paragraph of this offset stage, and is attained by the MOSFET power 
amplifier characterized by setting up the gate bias voltage of MOSFET of 
the above-mentioned power-output stage in the above-mentioned offset 
stage. 

10 [0014] Moreover, it comes to be attained by the MOSFET power amplifier 
characterized by preparing the resister network which sets the gate bias 
voltage of MOSFET of the above-mentioned power-output stage as a 
feedback circuit from the above-mentioned power-output stage to the 
amplification stage which amplifies an input signal in the push pull type 

15 MOSFET power amplifier which the power-output stage becomes from 
CMOS composition. 
[0015] 

[Example] Hereafter, the example of this invention is explained. Drawing 1 
is the circuit diagram of the power amplifier of the 1st example. In this 

20 example, the positive side offset (level shift) stage 6 for PMOSFETQ1 and 
the negative side offset (level shift) stage 7 for NMOSFETQ2 are formed 
as an object for the gate-voltage bias of PMOSFETQ1 and NMOSFETQ2 of 
the power-output stage 5. And the positive side differential-amplifier 
stage 8 was established in the preceding paragraph of the positive side 

25 offset stage 6, the negative side differential-amplifier stage 9 was 

established in the preceding paragraph of the negative side offset stage 7, 
and the voltage inputted into the inversed input terminal of both these 
differential-amplifiers stages 7 and 8 at an input terminal 1 was made to 
impress. It connects with an output terminal 2 and the noninverting input 
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side of both these differential-amplifiers stages 8 and 9 functions as a 
BORUTE follower respectively. 

[0016] The positive side offset stage 6 consists of circuits which made 
CMOS connection of NMOSFETQ4 of PMOSFETQ3 which undergoes the 
5 output of the positive side differential-amplifier stage 8, and 

constant-voltage bias, and the negative side offset stage 7 consists of 
circuits which made CMOS connection of NMOSFETQ6 which undergoes 
the output of the PMOSFETQ5 and the negative side differential-amplifier 
stage 9 of constant-voltage bias. Vs1 is bias voltage. 

10 [0017] Moreover, the positive side differential-amplifier stage 8 consists 
of NMOSFETQ7 and Q8 by which differential connection is made, 
PMOSFETQ9 and Q10 by which current mirror connection is made as an 
active load of the differential connected circuit, and NMOSFETQ11 which 
functions as a source of the operating current. Vs2 is bias voltage. 

15 [0018] Furthermore, the negative side differential-amplifier stage 9 

consists of PMOSFETQ12 and Q13 by which differential connection is 
made, NMOSFETQ14 and Q15 by which current mirror connection is made 
as an active load of the differential connected circuit, and PMOSFETQ16 
which functions as a source of the operating current. 

20 [0019] Now, if voltage inputs into an input terminal 1, difference voltage 
with the voltage of the output terminal 2 which has returned to the 
noninverting input side of both the differential-amplifiers stages 8 and 9 
will be amplified by the differential-amplifier stage 8 or differential 
amplifier 9, and MOSFETQ1 and Q2 of the power-output stage 5 will be 

25 controlled in the direction in which the voltage of an output terminal 2 
becomes equal to the voltage of an input terminal 1. 

[0020] Therefore, when the input of an input terminal 1 is a non-signal, 
the voltage of the input terminal 1 is the half (Vdd/2) of supply voltage 
Vdd, and the voltage appears in an output terminal 2. 
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[0021] At the time of this non-signal, the gate voltage of the 
power-output stage 5 is desirable, in order for the one smaller than the 
threshold (Vth) there of MOSFETQ1 and Q2 to be reactive current 
reduction. Both can be satisfied to set up offset the optimal although it 
5 has the relation which disagrees with decreasing a decreasing-this 
reactive current cross over distortion. 

[0022] Then, in this example, only several V shifts the gate voltage for 
outputting to the power-output stage 5 in the offset stages 6 and 7 
according to Vth of MOSFETQ1 and Q2 of the power-output stage 5. 

10 [0023] for this reason — being alike — the offset stage 6 — setting — 
the size ratio (width-of-face W / channel length L of a channel) of 
MOSFETQ3 and Q4 — moreover, in the offset stage 7, the size ratio of 
MOSFETQ5 and Q6 is set up suitably, and is performed 
[0024] If the output voltage of the offset stage 6 will be set up at this 

15 time so that the gate voltage (Vgs) at the time of a non-signal may be set 
to 150mV and it will be then made a cut-off supposing the threshold (Vth) 
of PMOSFETQ1 of the now, for example, power output, stage 5 is 650mV, a 
500mV margin can be given there. 

[0025] Therefore, the input voltage range from which the drain of this 
20 PMOSFETQ1 will be in floating is 500 mV/G (however, G sum total gain of 
the amplification stage 6 and the differential-amplifier stage 8), and since 
it is made to several mV or less, it can also keep a cross over distortion 
small. 

[0026] on the other hand, the circuit of drawing 5 mentioned above — 
25 when dozens of mV comes out at most, the voltage which can be 

generated intentionally also has the minimum in the technique of giving 
offset voltage to the input side of the amplification stages 3 and 4 like, 
the voltage of this is amplified, it carries out to the gate-voltage shift of 
the power-output stage and it considers that the manufacture error is also 
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amplified, it is very difficult to control stably For example, since the input 
offset voltage decreases input voltage range as it is even when the gain of 
the amplification stages 3 and 4 is set up low and input offset voltage is 
made into a comparatively big value, a result which narrows the operating 
voltage range is brought. 

[0027] Thus, in the power amplifier of the 1st example shown in this 
drawing 1 , it can prevent that invalid penetration current increases in the 
power-output stage 5. For this reason, since feedback to which the 
consumed electric current increases in other circuit sections at the time 
of about [ that the idling current at the time of a non-signal can be 
suppressed to the small value which is the grade to which a cross over 
distortion does not become large ], and operation is not needed, efficient 
offset can be performed. Moreover, since an input side is not made to 
generate intentional offset voltage, it can set up widely, without being 
influenced of offset of input voltage range, and large amplitude operation 
is attained. 

[0028] Drawing 2 is drawing showing the power amplifier of the 2nd 
example. The same sign is given to the same thing as the power amplifier 
of the 1st example shown in drawing 1 . Here, one differential-amplifier 
stage 10 is used. This differential-amplifier stage 10 consists of 
PMOSFETQ17 and Q18 by which differential connection is made, 
NMOSFETQ19 and Q20 by which current mirror connection is made as an 
active load of the differential connected circuit, and PMOSFETQ21 which 
functions as a source of the operating current. Moreover, it constitutes 
from PMOSFETQ22 by which constant-voltage bias is carried out 
considering the positive side offset stage 11 as the same composition as 
the negative side offset stage 7, and NMOSFETQ23 which undergoes the 
output of the differential-amplifier stage 10. 

[0029] In the power amplifier of this 2nd example, since an input side 
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consists of one differential-amplifier stage, compared with the case where 
two differential-amplifier stages explained by drawing 1 are used, the 
influence of the random offset error generated in about [ being 
advantageous in cost ] and two or more circuits can also be reduced. 
5 [0030] Drawing 3 is drawing showing the power amplifier of the 3rd 

example. Here, in the circuit of drawing 4 mentioned above, offset is set to 
the feedback side of the amplification stages 3 and 4 and the 
power-output stage 5 by the resister network. 

[0031] This offset is what consists of the resistance R1-R3 which carried 

10 out the series connection to the power supply between groundings, 
feedback resisters R4 and R5 connected with the common node of 
resistance R1 and R2, and the output terminal 2 in between, and feedback 
resisters R6 and R7 connected between the common node of resistance 
R2 and R3, and the output terminal 2. The common node of resistance R4 

15 and R5 is connected to the noninverting input terminal of the amplification 
stage 3, and the common node of resistance R6 and R7 is connected to 
the noninverting input terminal of the amplification stage 4. Here, as 
resistance R1 and R3, as IQKohm and R2, R5 can be used as 100-200ohm, 
and R4 and R6, and 5Kohm can be used as 100Kohm and R7. 

20 [0032] In the 3rd example of this drawing 3 , the potential difference of 

[R2andVdd/(R1 +R2 + R3)] can be given among the ends of resistance R2. By 
this, the amount of relative offset of the amplification stages 3 and 4 
(difference of the amount of offset) can be set up. And the amount of 
offset and gain of the positive side amplification stage 3 are set up by the 

25 ratio of resistance R4 and R5, and, thereby, the gate-voltage bias value of 
PMOSFETQ1 is determined. Moreover, the amount of offset and gain of the 
negative side amplification stage 4 are set up by the ratio of resistance R6 
and R7, and, thereby, the gate-voltage bias value of NMOSFETQ2 is 
determined. 
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[0033] Thus, since the voltage division by the resister network is used for 
offset voltage generating, there is little reactive current, and it can set up 
now stably the offset voltage whose cross over distortion decreases 
flexibly to a fine comparatively small value, and can also lessen the burden 
5 given to the arrangement on a substrate etc. in that case here. In a 
semiconductor manufacturing process, the ejection position of this 
resistance can be performed at the wiring process near a final process, 
and the trimming which complements manufacture variations, such as a 
transistor, is also possible for it. Furthermore, the amount of offset can be 
10 adjusted without changing the form of a circuit, and a master slice is also 
possible for it. 
[0034] 

[Effect of the Invention] As mentioned above, according to this invention, 
the reactive current which has the relation of a trade-off, and offset 

15 voltage to which both of a cross over distortion are satisfied can be 
generated. And since the offset stage is prepared just before the 
power-output stage at this time, it is avoidable that the offset voltage 
which made it generate has a bad influence on the operating voltage range. 
Moreover, this offset can also be generated in the voltage division by the 

20 resister network, it can set up now flexibly stably to a fine comparatively 
small value, and the burden given to the arrangement on a substrate etc. 
in that case also decreases. 



25 DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the MOSFET power 
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amplifier which amplifies a sound signal in portable electrical machinery 
and apparatus, such as a pocket sound product, a pocket personal 
computer, a pocket multimedia device, and a mobile phone machine. 
[0002] 

5 [Description of the Prior Art] Although power amplification of the sound 
signal of a portable electrical machinery and apparatus was realized by the 
bipolar transistor circuit by the former, with low-battery-izing of the 
supply voltage to be used, the saturation voltage (Vce) between collector 
emitters which the bipolar transistor essentially has drops the use 

10 efficiency of output voltage, and the problem that output power becomes 
inadequate as a result, or a power efficiency declines is becoming large. 
[0003] Then, although adding a booster circuit, carrying out the pressure 
up of the supply voltage, and operating the power amplification section had 
been performed, the improvement of the field of a power efficiency did not 

15 progress. 

[0004] On the other hand, the attempt which constitutes power amplifier 
using an FET element accomplished. However, in a high— f i field, although 
the demand of quality is applied to the field which is not severe, except 
when it can be made to operate on voltage high enough, it is not put in 
20 practical use. 

[0005] This is because the bird clapper is unescapable to the result which 
consumes reactive power (based on penetration current) more than it if 
FET is inferior to a bipolar transistor in the capacity to drive current and 
it is going to drive power just like a pie Poral transistor. 
25 [0006] By the way, the method of controlling a bias current in recent 
years according to an output swing is put in practical use, and the 
MOSFET power amplifier to which only the time of a large amplitude made 
current drive capacity increase, and has improved the power efficiency as 
shown in drawing 4 is proposed (IEEE J. SOLID STATE CIRCUITS, 
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Vol.SC-17, no. 6, pp 929-982, and Dec. 1982). The circuit of this drawing 5 
is called semi- source follower power amplifier, and, for one, as for an 
output terminal and 3, an input terminal and 2 are [ the positive side 
amplification stage and 4 ] negative side amplification stages among 
5 drawing. Moreover, 5 is the power-output stage of CMOS push pull 

composition, and consists of PMOSFETQ1 for an output, and NMOSFETQ2 
for an output. 

[0007] Moreover, in such semi- source follower power amplifier, as shown 
in drawing 5 for the formation of power consumption reduction at the time 
10 of an input non-signal, the method of giving input offset to the 

amplification stages 3 and 4 is also proposed. V1 and V2 are input offset 
voltage (IEEEJ. SOLID STATE CIRCUITS, Vol.SC-20, no. 6, pp 1200-1205, 
and Dec. 1982). 
[0008] 

15 [Problem(s) to be Solved by the Invention] By the way, in semi- source 
follower power amplifier which was described above, at the time of a 
non-signal, an input must be stably controlled so that the reactive current 
(penetration current) of the gate of MOSFETQ1 and Q2 of the 
power-output stage 5 decreases and a cross over distortion also 

20 decreases. 

[0009] That is, if there is offset and the output voltage shifts from 
predetermined voltage into the amplification stage 3 and 4, the excessive 
reactive current flows to MOSFETQ1 and Q2 of the power-output stage 5, 
or a reverse bias will be carried out deeply conversely and problems, like a 
25 cross over distortion becomes large will arise. 

[0010] Moreover, in the semi- source follower power amplifier shown in 
drawing 5 which gave offset to the input side, since the offset voltage is 
amplified in the amplification stages 3 and 4, although symmetric property 
(identity) is required of the amplification stages 3 and 4, this is difficult, 
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and in the power-output stage 5 which consists of MOSFETQ1 and Q2, the 
above-mentioned reverse bias tends to become more remarkable [ the 
distortion of a crossover ] that it will be easy to become bigger. 
[0011] Then, although it will be necessary to set offset voltage as a very 
5 very small value if it is going to reduce the amount of reverse biases on 
the contrary, it comes to be greatly influenced of the variation at the time 
of manufacture. 

[0012] The purpose of this invention is offering the MOSFET power 
amplifier performs the stable offset, solves the above-mentioned problem, 
10 and realizes the few reactive current of the power-output stage, and a low 
cross over distortion, and it enabled it to drive efficiently. 
[0013] 

[Means for Solving the Problem] In the push pull type MOSFET power 
amplifier which the power-output stage becomes from CMOS composition, 

15 the purpose of this invention establishes the offset stage in the preceding 
paragraph of the above-mentioned power-output stage, prepares the 
amplification stage which amplifies an input signal in the preceding 
paragraph of this offset stage, and is attained by the MOSFET power 
amplifier characterized by setting up the gate bias voltage of MOSFET of 

20 the above-mentioned power-output stage in the above-mentioned offset 
stage. 

[0014] Moreover, it comes to be attained by the MOSFET power amplifier 
characterized by preparing the resister network which sets the gate bias 
voltage of MOSFET of the above-mentioned power-output stage as a 
25 feedback circuit from the above-mentioned power-output stage to the 
amplification stage which amplifies an input signal in the push pull type 
MOSFET power amplifier which the power-output stage becomes from 
CMOS composition. 
[0015] 
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[Example] Hereafter, the example of this invention is explained. Drawing 1 
is the circuit diagram of the power amplifier of the 1st example. In this 
example, the positive side offset (level shift) stage 6 for PMOSFETQ1 and 
the negative side offset (level shift) stage 7 for NM0SFETQ2 are formed 
5 as an object for the gate-voltage bias of PMOSFETQ 1 and NMOSFETQ2 of 
the power-output stage 5. And the positive side differential-amplifier 
stage 8 was established in the preceding paragraph of the positive side 
offset stage 6, the negative side differential-amplifier stage 9 was 
established in the preceding paragraph of the negative side offset stage 7, 

10 and the voltage inputted into the inversed input terminal of both these 

differential-amplifiers stages 7 and 8 at an input terminal 1 was made to 
impress. It connects with an output terminal 2 and the noninverting input 
side of both these differential-amplifiers stages 8 and 9 functions as a 
BORUTE follower respectively. 

15 [0016] The positive side offset stage 6 consists of circuits which made 
CMOS connection of NMOSFETQ4 of PMOSFETQ3 which undergoes the 
output of the positive side differential-amplifier stage 8, and 
constant-voltage bias, and the negative side offset stage 7 consists of 
circuits which made CMOS connection of NMOSFETQ6 which undergoes 

20 the output of the PMOSFETQ5 and the negative side differential-amplifier 
stage 9 of constant-voltage bias. Vs1 is bias voltage. 

[0017] Moreover, the positive side differential-amplifier stage 8 consists 
of NMOSFETQ7 and Q8 by which differential connection is made, 
PMOSFETQ9 and Q10 by which current mirror connection is made as an 
25 active load of the differential connected circuit, and NMOSFETQ11 which 
functions as a source of the operating current. Vs2 is bias voltage. 
[0018] Furthermore, the negative side differential-amplifier stage 9 
consists of PMOSFETQ12 and Q13 by which differential connection is 
made, NMOSFETQ14 and Q15 by which current mirror connection is made 
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as an active load of the differential connected circuit, and PMOSFETQ16 
which functions as a source of the operating current. 

[0019] Now, if voltage inputs into an input terminal 1, difference voltage 
with the voltage of the output terminal 2 which has returned to the 
5 noninverting input side of both the differential-amplifiers stages 8 and 9 
will be amplified by the differential-amplifier stage 8 or differential 
amplifier 9, and MOSFETQ1 and Q2 of the power-output stage 5 will be 
controlled in the direction in which the voltage of an output terminal 2 
becomes equal to the voltage of an input terminal 1. 

10 [0020] Therefore, when the input of an input terminal 1 is a non-signal, 
the voltage of the input terminal 1 is the half (Vdd/2) of supply voltage 
Vdd, and the voltage appears in an output terminal 2. 
[0021] At the time of this non-signal, the gate voltage of the 
power-output stage 5 is desirable, in order for the one smaller than the 

15 threshold (Vth) there of MOSFETQ1 and Q2 to be reactive current 

reduction. Both can be satisfied to set up offset the optimal although it 
has the relation which disagrees with decreasing a decreasing-this 
reactive current cross over distortion. 

[0022] Then, in this example, only several V shifts the gate voltage for 
20 outputting to the power-output stage 5 in the offset stages 6 and 7 
according to Vth of MOSFETQ1 and Q2 of the power-output stage 5. 
[0023] for this reason — being alike — the offset stage 6 — setting — 
the size ratio (width-of-face W / channel length L of a channel) of 
MOSFETQ3 and Q4 — moreover, in the offset stage 7, the size ratio of 
25 MOSFETQ5 and Q6 is set up suitably, and is performed 

[0024] If the output voltage of the offset stage 6 will be set up at this 
time so that the gate voltage (Vgs) at the time of a non-signal may be set 
to 150mV and it will be then made a cut-off supposing the threshold (Vth) 
of PMOSFETQ1 of the now, for example, power output, stage 5 is 650mV, a 
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500mV margin can be given there. 

[0025] Therefore, the input voltage range from which the drain of this 
PMOSFETQ 1 will be in floating is 500 mV/G (however, G sum total gain of 
the amplification stage 6 and the differential-amplifier stage 8), and since 
5 it is made to several mV or less, it can also keep a cross over distortion 
small. 

[0026] on the other hand, the circuit of drawing 5 mentioned above — 
when dozens of mV comes out at most, the voltage which can be 
generated intentionally also has the minimum in the technique of giving 

10 offset voltage to the input side of the amplification stages 3 and 4 like, 
the voltage of this is amplified, it carries out to the gate-voltage shift of 
the power-output stage and it considers that the manufacture error is also 
amplified, it is very difficult to control stably For example, since the input 
offset voltage decreases input voltage range as it is even when the gain of 

15 the amplification stages 3 and 4 is set up low and input offset voltage is 
made into a comparatively big value, a result which narrows the operating 
voltage range is brought. 

[0027] Thus, in the power amplifier of the 1st example shown in this 
drawing 1 , it can prevent that invalid penetration current increases in the 

20 power-output stage 5. For this reason, since feedback to which the 

consumed electric current increases in other circuit sections at the time 
of about [ that the idling current at the time of a non-signal can be 
suppressed to the small value which is the grade to which a cross over 
distortion does not become large ], and operation is not needed, efficient 

25 offset can be performed. Moreover, since an input side is not made to 
generate intentional offset voltage, it can set up widely, without being 
influenced of offset of input voltage range, and large amplitude operation 
is attained. 

[0028] Drawing 2 is drawing showing the power amplifier of the 2nd 
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example. The same sign is given to the same thing as the power amplifier 
of the 1st example shown in drawing 1 . Here, one differential-amplifier 
stage 10 is used. This differential-amplifier stage 10 consists of 
PMOSFETQ17 and Q18 by which differential connection is made, 
5 NMOSFETQ19 and Q20 by which current mirror connection is made as an 
active load of the differential connected circuit, and PMOSFETQ21 which 
functions as a source of the operating current. Moreover, it constitutes 
from PMOSFETQ22 by which constant-voltage bias is carried out 
considering the positive side offset stage 1 1 as the same composition as 
10 the negative side offset stage 7, and NMOSFETQ23 which undergoes the 
output of the differential-amplifier stage 10. 

[0029] In the power amplifier of this 2nd example, since an input side 
consists of one differential-amplifier stage, compared with the case where 
two differential-amplifier stages explained by drawing 1 are used, the 

15 influence of the random offset error generated in about [ being 

advantageous in cost ] and two or more circuits can also be reduced. 
[0030] Drawing 3 is drawing showing the power amplifier of the 3rd 
example. Here, in the circuit of drawing 4 mentioned above, offset is set to 
the feedback side of the amplification stages 3 and 4 and the 

20 power-output stage 5 by the resister network. 

[0031] This offset is what consists of the resistance R1-R3 which carried 
out the series connection to the power supply between groundings, 
feedback resisters R4 and R5 connected with the common node of 
resistance R1 and R2, and the output terminal 2 in between, and feedback 

25 resisters R6 and R7 connected between the common node of resistance 
R2 and R3, and the output terminal 2. The common node of resistance R4 
and R5 is connected to the noninverting input terminal of the amplification 
stage 3, and the common node of resistance R6 and R7 is connected to 
the noninverting input terminal of the amplification stage 4. Here, as 
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resistance R1 and R3, as 10Kohm and R2, R5 can be used as 1 00-200ohm, 
and R4 and R6, and 5Kohm can be used as lOOKohm and R7. 
[0032] In the 3rd example of this drawing 3 , the potential difference of 
[R2andVdd/(R1+R2+R3)] can be given among the ends of resistance R2. By 
5 this, the amount of relative offset of the amplification stages 3 and 4 
(difference of the amount of offset) can be set up. And the amount of 
offset and gain of the positive side amplification stage 3 are set up by the 
ratio of resistance R4 and R5, and, thereby, the gate-voltage bias value of 
PMOSFETQ1 is determined. Moreover, the amount of offset and gain of the 
10 negative side amplification stage 4 are set up by the ratio of resistance R6 
and R7, and, thereby, the gate-voltage bias value of NMOSFETQ2 is 
determined. 

[0033] Thus, since the voltage division by the resister network is used for 
offset voltage generating, there is little reactive current, and it can set up 

15 now stably the offset voltage whose cross over distortion decreases 

flexibly to a fine comparatively small value, and can also lessen the burden 
given to the arrangement on a substrate etc. in that case here. In a 
semiconductor manufacturing process, the ejection position of this 
resistance can be performed at the wiring process near a final process, 

20 and the trimming which complements manufacture variations, such as a 

transistor, is also possible for it. Furthermore, the amount of offset can be 
adjusted without changing the form of a circuit, and a master slice is also 
possible for it. 
[0034] 

25 [Effect of the Invention] As mentioned above, according to this invention, 
the reactive current which has the relation of a trade-off, and offset 
voltage to which both of a cross over distortion are satisfied can be 
generated. And since the offset stage is prepared just before the 
power-output stage at this time, it is avoidable that the offset voltage 
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which made it generate has a bad influence on the operating voltage range 
Moreover, this offset can also be generated in the voltage division by the 
resister network, it can set up now flexibly stably to a fine comparatively 
small value, and the burden given to the arrangement on a substrate etc. 
5 in that case also decreases. 



DESCRIPTION OF DRAWINGS 



10 [Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram of the power amplifier of the 1st 
example of this invention. 

[Drawing 2] It is the circuit diagram of the power amplifier of the 2nd 
example of this invention. 
15 [Drawing 3] It is the circuit diagram of the power amplifier of the 3rd 
example of this invention. 

[Drawing 4] It is the block diagram of the conventional power amplifier. 
[Drawing 5] It is the block diagram of another conventional power 
amplifier. 

20 [Description of Notations] 

1: An input terminal, 2:output terminal, the 3:positive side amplification 
stage, 4:negative side amplification stage, 5:power-output stage, the 
6:positive side offset stage, 7:negative side offset stage, the 8:positive 
side difference input stage, 9 : negative side difference input stage, 10:1 

25 difference input stages. 
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